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Introduction
!

Portal hypertension is a common cause of signifi-
cant upper gastrointestinal bleeding in children.
Although cirrhosis is the common cause of portal
hypertension in children in the developed world
[1], non-cirrhotic portal hypertension (NCPH),
especially extrahepatic portal venous obstruction
(EHPVO), is the most common cause in develop-
ing countries [2,3]. Most children with EHPVO
present with variceal bleeding due to rupture of
esophageal varices, which can be managed effec-
tively with endotherapy using sclerotherapy
(EST), band ligation (EVL) or a combination of
both [4–8]. Primary gastric varices are not un-
common but most are a continuation of esopha-
geal varices in the form of gastroesophageal vari-
ces and do not bleed often [9–11]. A significant
proportion of primary gastric varices (gastro-
esophageal) disappear with the obliteration of
esophageal varices [9,10]. On the contrary, the
risk of bleeding is substantial with secondary gas-

tric varices (new varices that appear after eradia-
tion of esophageal varices) and with gastric vari-
ces that persist despite eradication of esophageal
varices [9,11]. Secondary gastric varices mainly
comprise isolated gastric varices and gastro-
esophageal varices along the greater curvature of
the stomach (GOV2). The prevalence of isolated
gastric varices is low at initial presentation but in-
creases significantly with concomitant increased
risk of bleeding after obliteration of esophageal
varices [9,12,13].
Although gastric varices bleed in significantly
fewer patients, they bleed more severely than do
esophageal varices [11]. Upper gastrointestinal
bleeding from gastric varices is difficult to treat
because of high rates of mortality and morbidity,
and rebleeding risks. The therapeutic options for
gastric variceal bleeding are cyanoacrylate glue
injection, transjugular intrahepatic portosystemic
shunt (TIPS), balloon-occluded retrograde trans-
venous obliteration (B-RTO) and surgical porto-
systemic shunt. As per Baveno-VI recommenda-
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Background and study aims: In viewof the paucity
of literature, we carried out this audit to evaluate
the safety and efficacy of N- butyl, 2-cynoacrylate
glue injection therapy in secondary prophylaxis of
gastric varices in children.
Patients and methods: Consecutive children (≤18
years) with non-cirrhotic portal hypertension
who presented with bleeding from gastric varices
andwho had undergone cyanoacrylate glue injec-
tion therapy were included. They were evaluated
for safety, efficacy and complications. Their long-
term outcomes and follow-upwere recorded.
Results: Over 11 years, 28 children with median
age 13 (range, 8 to 18) years (68% boys), under-
went cyanoacrylate glue injection for bleeding
gastric varices. In 25 (89%) cases, extrahepatic por-
tal venous obstructionwas the etiology and isolat-
ed gastric varices were the source of the bleeding.
Primary and secondary gastric variceal bleeding

was seen in 11 (39%) and 17 (61%) children,
respectively. A total 36 sessions with median vol-
ume of 2 (range, 1–5) mL of glue injections were
required (2 sessions in 8 children). Hemostasis
was achieved in all and 57% had gastric variceal
obliteration. Two children had early (<1 month)
rebleeding and 2 children had late rebleeding.
One child had gastric ulcer. Over a median follow-
up of 24 (8–98) months, 14 children underwent
surgery (12 porto-systemic shunt), 2 were lost to
follow-up, 1 died and there was no recurrence of
bleeding in the remaining 11.
Conclusions:Cyanoacrylateglue injection is highly
effective mode of secondary prophylaxis of bleed-
ing gastric varices in children with non-cirrhotic
portal hypertension. Rebleeding occurred in 14%
but treatment-related complications were un-
common. However, a large controlled clinical trial
is required to confirm our findings.
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tions [14] cyanoacrylate glue injection is first-line treatment for
gastric variceal bleeding. Endoscopic intravascular injection with
the tissue adhesive N-butyl 2-cyanoacrylate was originally pro-
posed by Soehendra et al. [15] in 1986 as a therapeutic option
for bleeding esophago-gastric varices. Subsequent studies have
suggested that this method may achieve gastric variceal oblitera-
tion [16,17]. Experience with treating gastric varices with glue
injection in children is limited to only a few case series [18–20].
Therefore, we analyzed our experience with use of cyanoacrylate
glue in treating bleeding gastric varices in children with portal
hypertension.

Patients and methods
!

We performed a retrospective audit of our experience using glue
injection to treat bleeding from gastric varices in patients with
portal hypertension after receiving approval from our institu-
tion’s ethics committee. The study was conducted in the Pediatric
Gastroenterology service of Sanjay Gandhi Postgraduate Institute
of Medical Science, Lucknow, India from October 2003 to Decem-
ber 2015. Consecutive children (up to 18 years of age) who were
diagnosed with acute upper gastrointestinal bleeding resulting
from rupture of GV during the study period were included in
this research. We included only non-cirrhotic portal hyperten-
sion (NCPH) including EHPVO, non-cirrhotic portal fibrosis
(NCPF), and segmental portal hypertension due to splenic vein
thrombosis. EHPVO was diagnosed on the basis of ultrasono-
graphic evidence of a recanalized or blocked portal vein replaced
by a portal vein cavernoma and normal liver function tests. Non-
cirrhotic portal fibrosis (NCPF) was diagnosed in children with
portal hypertension who had patent spleno-portal axis and
normal liver function tests and whose liver histology showed no
evidence of cirrhosis or parenchymal injury [21]. Other clinical
features like size of spleen on clinical examination, endoscopic
documentation of esophageal, gastric varices and follow-up data
were recorded.

Grading of gastric varices
Gastric varices (GV) were classified as described by Sarin et al.
[11] into gastro-esophageal varices (GOV) and isolated gastric
varices (IGV). GOV were sub-classified into GOV1, where the GV

were continuous with the esophageal varices (EV) and extended
along the lesser curve of the stomach, and GOV2, where the GV
extended from the EV toward the gastric fundus. IGV were sub-
classified as IGV1, which were isolated GV occurring at the fun-
dus, and IGV2, which were ectopic varices located in the antrum,
corpus, and around the pylorus. Gastric varices were also graded
according to size as F1 (tortuous), F2 (nodular or grapes like) and
F3 (tumorous) [22]. Gastric varices were labeled as primarywhen
present at the time of initial endoscopic examination and sec-
ondary if they developed after endoscopic eradication of esopha-
geal varices [11]. EV were graded I to IV as per classification by
Conn et al [23]. Bleeding from GV was considered if anyone of
the following criteria was present: (1) active bleeding from GV
was seen; (2) a clot or ulcer was seen over the GV; or (3) bleeding
occurred in the context of distinct large GV in the absence of
esophageal varices or another source of upper gastrointestinal
bleeding [24].

Endoscopy
All patients who presented with acute upper gastrointestinal
bleeding received resuscitative measures and pharmacologic
treatment with bolus intravenous (IV) injection of 1 microgram/
kg of octreotide followed by infusion at a rate of 1 microgram/kg/
hour for 3 to 5 days. Hemoglobin was maintained around 8g/dL.
Endoscopy was carried out after hemodynamic stabilization un-
der IV sedation using IVmidazolam and fentanylwith continuous
pulse oximetrymonitoring after receiving informed consent from
a parent. Endoscopic injection therapy was done with a forward-
viewing videoendoscope (Olympus Optical Corporation, Tokyo,
Japan) with 22-gauge needle. For initial glue injections, N-butyl,
2-cyanoacrylate (Nectacryl; Dr. Reddy’s Laboratories Ltd. Hydera-
bad, India/ Histoacryl; B.Braun Melsungen AG, Germany) was di-
luted with lipiodol (1 :1) before injecting to prevent early poly-
merization and to allow radiologic monitoring (●" Fig.1). How-
ever, for the last 4 years, because of the risk of embolism, we have
stopped using lipiodol. Variceal puncture was confirmed with
withdrawal of blood into the injector. The volumeof glue injection
was restricted to 1mL/injection tominimize the risk of emboliza-
tion. The needle was flushedwith distilled water after each injec-
tion. SuccessfulGVobliterationwasdeterminedendoscopically by
probingwith the tip of an injection catheter. Thevariceswere clas-
sified as obliterated if they were felt to be hard on blunt probing

Fig.1 a Endoscopic picture of F3 isolated gastric varix in 12-year-old boy (before glue injection). b Endoscopic picture of F3 isolated gastric varix in 12-year-
old boy (after glue injection). c X-ray of the abdomen of the same patient showing glue-cast in the gastric varix.
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and as not obliterated if compressible and indentable on pressure.
Glue injectionwas repeated after 3weeks if the patient had recur-
rence of bleedingor had unobliterated varices [24]. The criteria for
failure of control of acutebleeding episodewas used as per Baveno
VI consensus [14]. Initial hemostasis was defined by presence of
stable vital signs and absence of rebleeding within 48 hours after
glue injection [24]. Early rebleeding was defined as occurring
within 30 days of initial hemostasis, whereas late rebleeding was
defined as occurring after 30 days [24]. The glue injection sessions
were carried out until the gastric variceswere obliterated. Review
endoscopywasdone after 3weeks. Thepatientswere followed-up
at 3 months, 6 months and then annually. During follow-up, pa-
tients were assessed for feasibility of surgical porto-systemic
shunt by Doppler ultrasonography (USG) and computed tomog-
raphy (CT) venography of portal venous system.

Results
!

During the studyperiod, 673 casesof variceal bleedingdue tonon-
cirrhotic portal hypertension (EHPVO 640, NCPF: 26, congenital
hepatic fibrosis 5, segmental portal hypertension 2) were mana-
ged in our center and 28 (4%) of these patients had bleeding from
gastric varices. Clinical characteristics of thepatients are summar-
ized in●" Table1. Theirmedianage at timeof bleeding fromgastric
varices was 13 (range, 8 to 18) years and 19 (68%) of them were
boys. Hematemesis was the mode of presentation in 27 children,
while 1 child presentedwith melena alone. Of the 28 children, 11
(39%) presented with first-time bleeding from ruptured gastric

varices (primarygastric variceal bleeding)while 17 (61%) children
had earlier bleeding episodes from rupture of esophageal varices
which were managed with endotherapy and they later presented
with bleeding from rupture of gastric varices (secondary gastric
variceal bleeding). In 9 of 17 (53%) children who were on endo-
scopic follow-up, gastric varices were not present at the time of
first bleeding and developed at a median follow-up of 46 months
(range, 27–93). In the remaining 8 children, gastric varies were
present at the first endoscopic session and bled after obliteration
of esophageal varices at amedian interval of 45months (range, 2–
96). None of the patients required balloon tamponade. Of the 28
children, 25 (95%) had IGV1 (F3 in 17 [●" Fig.1a] and F2 in 8) and
GOV2 in 2 (F3 1, F2 1) and GOV1 (F3) in 1 child. Ten (36%) children
had active bleeding and 18 (64%) had bleeding in the recent past.
Twenty (71%) children required a single session of glue injection
and 8 (29%) children required 2 sessions (total 36 sessions of glue
injections).Medianvolume of injectedglue in totalwas 2 (range, 1
to 5) mL. Of the 10 children who had active bleeding from gastric
varices, all had immediatehemostasis.Noneof the28childrenhad
failure of hemostasis. Obliteration of the gastric varices was
achieved in 16 (57%) children. The comparisons between children
who presented with primary gastric variceal bleeding and those
with secondary gastric variceal bleeding are given in●" Table2.
There was a tendency of older age in the primary group and EHP-
VOas the etiology in the secondarygroupbut the differenceswere
not statistically significant due to the small numbers, and other
parameters suchasgenderdistribution, rebleeding, and complica-
tions did not differ between the groups.

Table 1 Clinical characteristics
of patients (n = 28) with gastric
varices.

Clinical features N (%)

Etiology EHPVO 25 (89%)

Isolated splenic vein thrombosis 2 (7%)

Non-cirrhotic portal fibrosis (NCPF) 1 (3.5%)

Bleeding history Active bleeding 10 (36%)

Recent bleeding 18 (64%)

Presentation of gastric varices Primary gastric variceal bleeding 11 (39%)

Secondary gastric variceal bleeding 17 (61%)

Grading of esophageal varices
(at the time of gastric variceal bleeding)

No esophageal varices/eradicated 14 (50%)

Grade I 4 (14%)

Grade II 7 (25%)

Grade III 2 (7%)

Grade IV 1 (3.5%)

Gastric variceal classification GOV1 1 (3.5%) (F3)

GOV2 2 (7%) [F2 & F3: 1 each]

IGV1 25 (89%) [F3 = 17, F2= 8]

EHPVO, extrahepatic portal venous obstruction; GOV1, gastro-esophageal varices type 1; GOV2, gastro-esophageal varices type 2; IGV1, isolated gastric varices type 1.

Table 2 Comparisons between
primary gastric variceal bleeding
(n = 11) and secondary gastric var-
iceal bleeding (n= 17).

Primary gastric

variceal bleeding

(n=11)

Secondary gastric

variceal bleeding

(n=17)

P

Median age (years) 14 (range, 12–17) 13 (range, 8–18) 0.07

Male 6 (54%) 13 (76%) 0.40

Etiology: EHPVO 8 (73%) 17 (100%) 0.05

Associated large esophageal varices (grade II/IV) 5 (45.5%) 5 (29%) 0.44

Hemostasis achieved 11 (100%) 17 (100%) 1.00

Early rebleeding 1 (9%) 1 (6%) 1.00

Late rebleeding 0 2 (12%) 0.50

Ulcer 0 1 (6%) 1.00

Mortality 1 (9%) 0 0.39

EHPVO, extrahepatic portal vein obstruction.
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Rebleeding and complications
Duringmedian follow-up of 28 months (range, 8–102) there was
no recurrence of bleeding in 24 (86%) of the patients. Four chil-
dren had rebleeding, 2 early and 2 late. One child who had early
rebleeding twice (at 3 days and 1 month after glue injection) had
a gastric ulcer. The ulcer, which measured 3cm by 3cm and was
located in the posterior wall of the stomach, was managed con-
servatively using a proton pump inhibitor. A 13-year-old boy
with NCPF had massive rebleeding after 14 days of glue injection
and died at home. None of the children in our series had other
complications such as distant emboli, pyrexa, bacteremia, or local
abscess formation. We did not encounter any procedure-related
complications such as detachment of the endoscopic needle in
the varices or damage to the endoscope.

Follow-up
All children who presented with bleeding from gastric varices
were evaluated for shunt surgery after controlling the index
bleed with glue injection as a part of our unit’s management pol-
icy for non-cirrhotic portal hypertension. Two children who had
recurrence of bleeding 1 year and 2 years after glue injection
were subjected to repeat glue injection. The first child had re-
bleeding after shunt surgery due to shunt blockage but there
was no recurrence of bleeding for 10 years after the second glue
injection. The second child underwent shunt surgery after the
second glue injection and remained asymptomatic for 7 years. A
total 14 (50%) children underwent surgery for portal hyperten-
sion (shunt surgery in 12 and splenectomy with gastric devascu-
larization in 2 for isolated splenic vein thrombosis (1 with chron-
ic pancreatitis and the other 1 of unknown etiology) after a me-
dian gap of 2 months (range, 8 to 27 days) following glue injec-
tion. Of the 12 children who underwent shunt surgery, proximal
spleno-renal shunt (PSRS) was done in 11 children and interposi-
tion mesocaval shunt in 1 patient. Of the remaining 14 patients, 2
had non-shuntable venous anatomy; 2 children were lost to fol-
low up, 9 were awaiting shunt surgery, and 1 died. Eleven chil-
dren who received glue injection for GV and had not undergone
any surgery for portal hypertension had not bled at a median fol-
low-up of 24 months (range, 8 to 98).

Discussion
!

To the best of our knowledge, this is the largest series in children
evaluating the efficacy, safety, and long-term outcome of glue in-
jection therapy in children who had gastric variceal bleeding and
the only series so far in NCPH. Previous case series were in 8 in-
fants with gastro-esophageal varices (GOV) [18] and 5 children
with GV bleeding [19]. In a recent study, Oh et al. [20] used glue
injection in 21 children, 5 of whom had EHPVO, but unlike in the
current study, the majority of children (76%) had GOV1 which
was accompanied by large esophageal varices (grade ≥ II in 76%).
Hence, it is difficult to assess whether all these children had
bleeding from gastric or esophageal varices because GOV1 varices
are, in fact, a continuation of esophageal varices. In 5 cases, Oh et
al used glue for esophageal varices as EVL had failed due to the
younger age of the patients.
In our study, the majority (89%) of children had EHPVO and
isolated gastric varices (IGV1). Sarin et al. [11] in their seminal
paper on gastric varices in 568 portal hypertension patients
showed that gastric varices were significantly more common in
EHPVO than in cirrhosis (31% vs. 17%, P<0.01). They also

showed that bleeding risk was maximal with IGV1 (78%) than
GOV2 (55%) or GOV1 (12%). In a study of 274 cases of EHPVO,
it was shown that despite having gastric varices in 68% of cases,
none of the patients had primary gastric variceal bleeding. How-
ever, after eradication of esophageal varices, the prevalence of
high-risk gastric varices (i. e. IGV1) increased significantly (from
1% to 14%, P<0.001) and 20% of them had bleeding [9]. This has
been substantiated by our previous study in 183 cases of EHPVO
[10]. The current study also shows that secondary gastric variceal
bleeding is more common than primary bleeding, almost all of
which were from IGV1.Nevertheless, 39% of cases in present se-
ries had presented for the first time with gastric variceal bleed-
ing. That was not highlighted in previous pediatric studies [9,
10,18–20]. In a study of 170 adults with gastric variceal bleeding
(28 EHPVO), Choudhuri et al [25] showed that only 20% had pri-
mary gastric variceal bleeding, 82% had F3 and 95% had fundal
varices (IGV1 and GOV2). In another adult study of 29 patients
with gastric varices (cirrhosis 13, EHPVO 13 and NCPF 3), 28%
had primary gastric variceal bleeding [26].
A randomized controlled trial in adults showed that N-butyl-2-
cyanoacrylate injection is superior to sclerotherapy with alcohol
[27] and another trial showed its superiority over endoscopic
band ligation [28] in gastric variceal bleeding. Acute hemostasis
was achieved in more than 90% of cases with N-butyl-2-cyano-
acrylate compared with 62% with alcohol injection and just 40%
with EVL [27,28]. In our series, acute hemostasis was achieved in
all patients. Cyanoacrylate, in contrast to standard sclerosants,
polymerizes immediately and produces vascular obliteration in
contact with blood. Mixing cyanoacrylate with lipiodol reduces
the rate of solidification of glue and thus facilitates administra-
tion of glue without damaging the endoscopes. However, over-
dilution may predispose to risk of distant embolization [29]. The
issue of volume of glue to be injected in children has not been ad-
dressed before. Studies in adults showed that the volume de-
pends on the type of gastric varices (less for localized than diffuse
[30] and more for IGV than GOV [31]). Oh et al. [20] in their study
of 21 childrenwith GOV injected 0.25mL to 0.5mL in each aliquot
of 1:1mixture of cyanoacrylate and lipoidal. Although theymen-
tioned that a smaller aliquot (0.2mL) was used for smaller chil-
dren, they did not report on any age or weight criteria. Whether
the volume of glue should be calculated as per the child’s age or
on the basis of the size of the varices requires further study. Be-
cause we had mainly IGV1 and large varices (F2 and F3), we used
a 1-mL aliquot and did not encounter any embolization. No cases
of embolization were reported by using undiluted glue in a 1-mL
aliquot in 170 adult patients by Kumar et al. [32]. Similarly,
whether risk of embolization with use of lipoidal depends on
the age of the child or severity of portal hypertension requires
further study.
In our series, rebleeding was seen in 14% of children, one of
whom had early rebleeding from gastric ulcer at the site of glue
injection. Gastric ulcer due to glue injection and rebleeding from
it is a known complication reported in 0.1% to 6.3% of treated pa-
tients [25,30,31,33]. The glue cast causes necrosis and ulceration
of the local vessel at the varix, which can lead to fatal hematem-
esis [34]. Giant gastric ulcers are known to occur if glue injection
is done at an extra-variceal location [24,31]. In some patients,
early rebleeding is caused by extrusion of glue cast and reported
in 4.4% of patients in the first 3 months after glue injection [31].
Incomplete obliteration of gastric varies can lead to early re-
bleeding from the patent vascular channels and was the likely
cause of early rebleeding in the one patient in our studywho suc-
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cumbed to exsanguinous bleeding at home. Rivet et al. [18] docu-
mented rebleeding from GV in 38%, while another study in chil-
dren [19] did not report rebleeding after glue injection. Late re-
bleeding was seen in 7% of children in our study and is reported
in 7% to 28% of patients after glue injection in adult studies [24,
25,30,33,35].
The retrospective and uncontrolled nature is the major limitation
of our study. However, the data collection was from computer-
ized records and endoscopic records, thus limiting recall bias.
We did not include a control arm to compare the results of glue
injection to any other modality. Because we had a small number
of patients, we could not do any subgroup analysis to elucidate
factors that predispose to complications.

Conclusion
!

In conclusion, gastric variceal bleeding, although uncommon, is
not rare in children. In almost one-third of cases, patients present
with first-time gastric variceal bleeding (primary). Canoacrylate
glue injection therapy is effective for secondary prophylaxis of
GV with a 100% success rate for hemostasis in children with
non-cirrhotic portal hypertension. Rebleeding was seen in 14%
and injection site ulcer in 3.5% of children. Long-term follow-up
of children who did not undergo shunt surgery showed excellent
outcome. However, a large, prospective, controlled clinical trial
on the use of cyanoacrylate glue in children is required to con-
firm our findings.

Competing interests: None
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